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ABSTRACT  The  synthetic  cell  attachment-promoting  peptides  from  fibronectin  (Piersch- 
bacher,  M.  D.,  and  E.  Ruoslahti,  1984,  Nature  (Lond.).,  309:30-33)  were  found  to  detach 
cultured  cells  from  the  substratum  when added  to  the  culture  in  a soluble  form.  Peptides 
ranging in length from tetrapeptide to heptapeptide and containing the active L-arginyl-glycyl- 
L-aspartic acid (Arg-Gly~Asp)  sequence had the detaching activity, whereas a series of different 
peptides with chemically  similar structures  had  no detectable  effect on any of the test cells. 
The  Arg-Gly-Asp-containing  peptides  caused  detachment  of various  cell  lines  of  different 
species  and  histogenetic  origin.  Studies  with  defined  substrates  showed  that  the  active 
peptides  could  inhibit  the  attachment  of  cells  to  vitronectin  in  addition  to  fibronectin, 
indicating that vitronectin  is recognized  by cells through a similar mechanism  as fibronectin. 
The peptides did  not inhibit the attachment of cells  to collagen.  However,  cells  cultured  on 
collagen-coated  plastic  for  24-36  h,  as  well  as  cells  with  demonstrable  type  I  or  type  Vl 
collagen in their matrix, were susceptible to the detaching effect of the peptides. These results 
indicate that the recognition  mechanism(s)  by which cells  bind to fibronectin and vitronectin 
plays a major role in the substratum attachment of cells and that collagens  may not be directly 
involved  in cell-substratum adhesion. Since vitronectin  is abundant in serum, it is probably an 
important  component  in  mediating  the  attachment  of cultured  cells.  The  independence  of 
the effects of the  peptide on the presence of serum and the susceptibility  of many different 
cell  types  to  detachment  by  the  peptide  show  that  the  peptides  perturb  an  attachment 
mechanism that is intrinsic to the cells and fundamentally  significant to their adhesion. 
Studies leading to an understanding of the mechanisms in- 
volved in the adhesion of cultured cells to their extracellular 
matrices will help elucidate such biological phenomena as cell 
division, embryonic cell migration and  sorting,  and  tumor 
invasion and metastasis. Fibronectin is a  well characterized 
extracellular structural glycoprotein that interacts with other 
extracellular matrix molecules and promotes cell attachment 
and  spreading  (8,  16,  27).  The  ability  of cells  to  bind  to 
fibronectin can  now be accounted  for by the  tripeptide  L- 
arginyl-glycyl-L-aspartic  acid (Arg-Gly-Asp), a sequence found 
in the cell attachment domain of fibronectin (22-24). Small 
synthetic peptides containing this sequence promote cell  at- 
tachment when used to coat a surface and inhibit the attach- 
ment of cells to fibronectin-coated substrata when presented 
in a soluble form (22, 23). 
Fibronectin is not the only adhesion-promoting molecule 
in  the  immediate environs of cells.  Collagens (26),  laminin 
(5,  29),  vitronectin  (3,  13), and  molecules  such  as  those 
identified by polyclonal (6) and monoclonal (20) antibodies 
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may also contribute to adhesion. To determine to what extent 
different proteins might be involved in cell adhesion, we have 
probed the  attachment of cultured  cells using the  peptides 
that mimic the cell attachment site of fibronectin. 
We  report  here  that  various  cultured  cell  lines  become 
detached from the substratum when grown in the presence of 
the active fibronectin peptides. We show also that attachment 
of cells  to  vitronectin  is  disrupted  by  the  same  peptides, 
suggesting that  the  mechanism(s) by which  cells  recognize 
fibronectin and vitronectin is critical for substratum attach- 
ment of cells. 
MATERIALS  AND  METHODS 
Cells and Growth Conditions:  The following cell lines were cul- 
tured in Dulbecco's modified Eagle's medium (DME), ~  supplemented with 5% 
Abbreviations used in this paper: DME, Dulbecco's modified Eagle's 
medium;  GRGDSP,  GlyLArg-Gly-Asp-Ser-Pro;  NRK,  normal  rat 
kidney: TRK, transformed rat kidney. 
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glutamine (2 mM), penicillin (100 U/ml) and streptomycin (100 #g/ml) (Irvine 
Scientific, Santa Ana, CA): normal rat kidney (NRK); transformed  rat kidney 
(TRK); mouse, BALB/c 3T3, NIH 3T3, Simian virus 40-transformed BALB/ 
c 3T3; human embryonal  fibroblastic (MRC-5,  IMR-90,  W138); human am- 
niotic (FL), osteosarcoma  (MG-63), and fibrosarcoma (HTI080);  and bovine 
corneal and aortic endothelial cells. Primary cultures of human umbilical cord 
endothelial  cells were isolated by the method of Gimbrone et al. (10). They 
were cultured  on fibronectin-coated  dishes in DME, 20%  fetal bovine serum, 
glutamine,  penicillin, streptomycin,  fibroblast growth factor (5 ug/ml; Collab- 
orative Research Inc., Lexington, MA), and heparin ( 1 mg/ml; Sigma Chemical 
Co.,  St.  Louis,  MO).  In  some experiments,  a  defined  serum-free  medium 
consisting of DME supplemented with glutamine, penicillin, streptomycin, and 
2 mg/ml bovine serum albumin was used to culture the cells. 
Proteins and Peptides:  Fibronectin  (28) and vitronectin  (13) were 
isolated  from  human plasma  as previously described. Type I collagen came 
from Sigma Chemical  Co.  or (Vitrogen  100) from Flow  Laboratories,  Inc. 
(Inglewood, CA). 
Peptides used (Fig.  1) were synthesized to our specifications at Peninsula 
Laboratories, Inc. (San Carlos, CA). They were dissolved (10 mg/ml) in DME 
containing  0.5% bicarbonate  buffer, pH 7.0, and diluted immediately  for use. 
The peptide samples were generally used as they were received, containing 80- 
90% peptide, but when indicated they were first purified by high-performance 
liquid chromatography. 
Arg  -  Gly  -  Asp  -  Ser 
Gly  -  Arg  -  Gly  -  Asp  -  Ser  -  Pro 
Gly  -  Arg  -  Gly  -  Asp  -  Ser  -  Pro  -  Cys 
Gly  -  Arg  -  Gly  -  Asp  -  Ala  -  Pro 
Thr  -  Gly  -  Arg  -  Gly 
Arg  -  Gly  -Asn  -  Set 
Arg  -  Val  -  Asp  -  Ser  -  Pro  -  Ala  -  Cys 
Asp  -  Arg  -  G1u  -  Asp  -  Ser  -  Arg  -  Cys 
B  Arg  -  Val  -  Asp  -  Ser  -  Thr  -  Ala  -  Cys 
FIGURE  1  Cell attachment and  control  peptides.  Peptides with  (A) 
and without  (B) cell attachment  activity. 
Preparation of Protein-coated Culture Dishes:  We coated 
plastic cell culture dishes (Linbro, Flow Laboratories, Inc.) or 96-well microtiter 
plates (Linbro) with proteins by incubating  the protein dissolved in phosphate 
buffered saline, pH 7.5, in the dishes or wells for 4 h at room temperature  (28). 
Cell Attachment Assays:  Assays for inhibition  of cell attachment 
were carried out as previously described (23). We studied the detaching effect 
of the soluble peptides on cultured cells using cells that had been in culture for 
16-48 h since the previous subculturing. The peptides were added to the culture 
medium or the culture medium was removed and the cells were washed three 
times with DME containing  2 mg/ml BSA before the addition  of the peptides 
dissolved in DME with 2 mg/ml BSA. We determined the effects of  the peptides 
by observing cell morphology and by recording the cell number at indicated 
times with a cell counter (Artek Systems Corp., Farmingdale, NY). In control 
wells only DME with 2 mg/ml BSA- or fetal bovine serum-containing culture 
medium was added.  The average number of cells in control  wells was set at 
100%. The assays were run in triplicate. 
For cell growth  studies, cells were plated  in  their  normal medium, then 
switched to medium containing  1% fetal bovine serum with or without peptide. 
Immunofluorescence:  Cells  plated  on glass coverslips were  proc- 
essed for immunofluorescence  as described previously (12, 28). The antibodies 
used for staining were monoclonal  3E3  anti-human fibronectin  (21), rabbit 
anti-type I collagen (9), and anti-type VI collagen (14). 
RESULTS 
Disruption of CelI-Substrate  Interaction by 
Synthetic Fibronectin Peptides 
Soluble synthetic peptides containing the cell recognition 
sequence Arg-Gly-Asp from fibronectin have previously been 
shown  to  interfere with  the  attachment  of NRK  cells  to 
fibronectin-coated substrates  at  millimolar  concentrations 
(23,  24).  When  the  hexapeptide  Gly-Arg-Gly-Asp-Ser-Pro 
(GRGDSP) was added to routine cultures of NRK cells at a 
concentration of 1 mg/ml  (1.5  mM),  the cells  became de- 
tached from the substrate (Fig. 2 a). The effect appeared to be 
FIGURE  2  Effect of synthetic  peptides on cell cultures.  Routine cultures  of NRK cells were treated with  1 mg/ml  of the synthetic 
peptide GRGDSP  (a) or Gly-Arg-Gly-Glu-Ser-Pro  (b) by addition  of the peptides to the culture  medium,  x  120. 
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substitution  and  lacks cell attachment activity (24)  had  no 
noticeable effect on the cells at the same concentration (Fig. 
2b). 
Experiments carried out under various conditions showed 
that the detaching effect of  the active peptide was most readily 
demonstrable when cells were plated 24 h before the addition 
of the  peptide  at  a  density that  gave a  70-90%  confluent 
culture when the  peptide was added.  The peptide was also 
effective in detaching older and denser cultures, but the effects 
were somewhat less pronounced. However, detachment effi- 
ciency was increased in all cases if serum was removed before 
the peptide was added. 
When the GRGDSP peptide was added to cultures of NRK 
cells under the conditions established as most favorable for 
the  detachment  (24  h  culture  with  the  peptides  added  in 
serum-free medium), the cells began to round up within 30 
min (Fig. 3 a). Holes subsequently appeared in the monolayer 
as the cells retracted into ridges (Fig.  3 b). After a few hours, 
the cells completely detached from the culture plates, forming 
floating aggregates (Fig.  3 c). Cells cultured in the presence of 
a control peptide (as shown for the tetrapeptide Thr-Gly-Arg- 
Gly in Fig. 3 d) were unaffected even after prolonged exposure 
to the peptide. 
Quantitation of Peptide-induced Detachment in 
Different Cell Types 
Titration  of peptides  in  NRK  cell  cultures  followed  by 
counting  of the  remaining  attached  cells  showed  that  the 
GRGDSP peptide was effective in detaching these cells at and 
above 10 #g/ml (Fig.  4, top left).  The activities of the crude 
and  high-performance  liquid  chromatography-purified 
GRGDSP peptide were similar. The detachment of the cells 
FIGURE  3  Time  course  of cell  detachment  by Arg-Gly-Asp-containing  peptides.  NRK  cells  were cultured  for  24  h  on tissue 
culture dishes in the presence of serum, and the culture medium was removed and replaced with serum-free medium containing 
1 mg/ml GRGDSP  peptide. The cells were photographed 30 min (a),  1.5  h (b), and 3  h  (c) after the addition of the peptide. No 
detachment was obtained with a control peptide (Thr-Gly-Arg-Gly  1 mglml) even at 16 h (d).  x  120. 
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FIGURE  4  Detachment effect of GRGDSP peptide on various cell 
lines. Subconfluent 24-h cultures of various cell lines were washed 
and incubated with serum-free medium containing various concen- 
trations of the GRGDSP peptide (at) or one of the peptides devoid 
of cell attachment activity listed in Fig. 1 (A). After 3 h of incubation 
at  37°C,  the  cells  were  washed,  fixed  with  paraformaldehyde, 
stained, and counted. Shown here are NRK cells, TRK cells, human 
fibroblastic cells (IMR-90), epithelial-like human amnion cells (FL), 
primary human umbilical endothelial cells (HUE),  and Simian virus 
40-transformed BALB/c 3T3 (BALB/c SV-40). 
was not due to toxicity of the peptide since no cell death could 
be detected by trypan blue exclusion. Furthermore, when the 
aggregates were washed free of the peptide and replated, they 
attached to the dish,  and the cells that grew out from these 
clumps displayed the usual NRK morphology (not shown). 
To study the correlation of detaching capacity with the cell 
attachment-promoting and  attachment-inhibiting effects es- 
tablished  previously (23,  24),  each of the peptides listed in 
Fig.  1 was tested for its ability to detach cells. Each of the four 
Arg-Gly-Asp-containing peptides,  which  have  attachment- 
promoting activity, detached the cultured NRK cells. In con- 
trast,  the  five peptides that  lack this  sequence  and  do  not 
mediate cell attachment could not detach the NRK cells. 
To determine whether the fibronectin peptides would cause 
detachment of cells other than the NRK cells,  we incubated 
a  number of cell types in the presence of the peptides.  The 
Arg-Gly-Asp-containing peptides were effective in detaching 
all  of the  13  cell  strains  tested.  Examples of the  peptide- 
mediated detachment on these other cell lines are shown in 
Fig.  4,  and  a  complete  list  of the  cells  tested  is  given  in 
Materials and  Methods.  Represented among these lines are 
normal and transformed cells,  established cell lines and pri- 
mary  cultures,  fibroblastic,  endothelial,  and  epithelial  cell 
types. 
Inhibition of Cell Attachment to Vitronectin by 
the Fibronectin Peptides and Lack of Effect on 
Attachment to Collagen 
Fibronectin is not the only adhesion-promoting molecule 
found in the extracellular matrix of cells in culture (19).  In 
particular these matrices are rich in different types of  collagen, 
.o5o 
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which have been shown to promote cell attachment (26) and 
which contains Arg-Gly-Asp sequences (24). Moreover, vitro- 
nectin from the cells,  or from the culture medium when the 
cells are  cultured  in  the  presence  of serum (13),  could  be 
involved  in  the  substratum  adhesion  of the  cells.  It  was 
therefore of interest to see whether the Arg-Gly-Asp--contain- 
ins  peptides  would  also  affect the  attachment  of cells  to 
collagen and vitronectin. Previous work has shown that cell 
attachment mediated by laminin, another adhesive extracel- 
lular matrix protein, does not depend on this mechanism (17, 
25). 
An  assay for inhibition  of cell attachment similar to the 
one  previously used  to  show  that  Arg-Gly-Asp-containing 
peptides can  inhibit attachment of cells to  fibronectin (23) 
was used to study attachment to vitronectin and collagen. We 
found that the GRGDSP and other Arg-Gly-Asp--containing 
peptides prevented attachment of the NRK test cells to mi- 
crotiter wells coated with vitronectin at concentrations similar 
to those that inhibited attachment to fibronectin (Fig.  5). In 
contrast, the peptides were incapable of preventing the attach- 
ment of the cells to wells coated with type I collagen. Titration 
of the  collagen  used  to  coat  the  dishes  showed  that  the 
GRGDSP peptide  had  no  effect on  the  attachment  of the 
NRK cells to such dishes, even at the lowest collagen concen- 
trations (Fig. 6). Similar results were obtained with the human 
IMR-90 and MRC-5 embryonal fibroblasts (not shown). 
Presence of Collagens in the Extracellular Matrix 
of Cells Sensitive to Peptide Detachment 
Since  we  could  not  prevent  the  attachment  of cells  to 
surfaces coated with collagen, but the Arg-Gly-Asp--contain- 
ins  peptides detached  the  same cells in  culture,  it  seemed 
either that  collagen was not  involved in  the  attachment of 
these  cells  or  that  they  might  not  have  collagen  in  their 
extracellular matrix under the conditions used in this study. 
We therefore examined the matrix of one such cell line for 
the presence of collagen. The human IMR-90 fibroblasts were 
used  for these  experiments to  allow detection  of collagens 
with antibodies prepared against human collagens. In agree- 
ment with earlier studies on human fibroblasts (8, 30), type I 
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FIGURE  5  Inhibition  of  cell  attachment  to  defined  substrata  by 
synthetic peptides. A single cell suspension of NRK cells was added 
to dishes coated with 5/~g/ml fibronectin (0, O), vitronectin (11, I-I), 
or collagen type I (at, A), and the cells were allowed to attach  in 
the  presence  of  various  concentrations  of  the  GRGDSP  peptide 
(solid symbols) or an Arg-Gly-Asn-Ser control  peptide (open sym- 
bols) for 1 h. Nonattached cells were washed away and the attached 
cells were fixed, stained, and counted. 
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FIGURE  6  Attachment of cells to collagen in the presence or ab- 
sence  of  GRGDSP  peptide.  Microtiter  wells  were  coated  with 
different  amounts of type  I  collagen, and  NRK  cells were plated 
into the wells in the presence of 1 mg/ml of GRGDSP peptide (O) 
or buffer only (O). Cell attachment was measured as described in 
the legend of Fig. 4. 
extracellular matrix of the IMR-90 cells by immunofluores- 
cent staining (Fig.  7 a). Moreover, it is known that the type I 
collagen is present in the same matrix structures as fibronectin 
because the two proteins codistribute in immunofluorescent 
staining  (30).  A  similar  co-distribution  with  fibronectin  is 
shown in Fig. 7 (b and c) for type VI collagen, which is also a 
cell attachment-promoting protein (E. Engvall, personal com- 
munication). Thus, the lack of extracellular matrix collagen 
is not the reason for the sensitivity of cells to the detaching 
effects  of the  peptides.  However,  since  the  secretion  and 
processing of collagens is increased by ascorbic acid, we also 
tested fibroblasts grown in the presence of 50 tLg/ml ascorbic 
acid for their response to the peptides. It was found that cells 
grown in  this manner were fully susceptible to detachment 
with the GRGDSP peptide (result not shown). 
Detachment  of Cells Cultured on Collagen in the 
Presence and Absence of Serum 
As  shown  above,  cells  newly  seeded  on  collagen-coated 
dishes are refractile to the detaching effect of the Arg-Gly-Asp 
peptides.  To  determine  whether  such  cells  would  remain 
resistant to the peptides, we studied detachment of cells after 
different periods of culture  on collagen.  Such  cells  became 
susceptible to the peptides after 24 h  in culture (results not 
shown). This acquired susceptibility to the peptides could be 
due to the cells switching their attachment from collagen to 
fibronectin  synthesized  by  the  cells  themselves.  However, 
since the cells were cultured in the presence of serum, they 
also might be using fibronectin or vitronectin acquired from 
the serum and would, because of this, be sensitive to detach- 
ment  by  the  Arg-Gly-Asp peptides.  Serum  vitronectin  in 
particular could be involved because our recent observations 
show that most of the cell attachment-promoting activity in 
fetal bovine serum is associated with vitronectin (our unpub- 
lished results). 
To  gain  information  about  the  possible  involvement of 
serum, we studied  detachment of the  NRK cells and TRK 
cells seeded  and  cultured  on  type I  collagen  in  serum-free 
1952  THE  JOURNAL  OF  CELL  BIOLOGY  -  VOLUME  100,  1985 
medium. Such cells also became susceptible to the detaching 
effect of the GRGDSP peptide after 24 to 36 h in culture (Fig. 
8). Serum, therefore, is not required for these cells to replace 
their  interaction  with  the  collagen  with  an  Arg-Gly-Asp- 
dependent attachment mechanism. 
Effect of Peptide-induced  Detachment  on 
Cell Growth 
Since anchorage-dependent cells usually cannot proliferate 
if denied  substrate attachment (2,  11), it was of interest to 
determine the effect of the peptide treatment on cell growth. 
When NRK cells were cultured in the presence of 1% serum 
and  concentrations of the  GRGDSP peptide that  detached 
the cells,  the  number of live cells  remained stationary (Fig. 
9). In contrast, in the presence of a control peptide or medium 
alone, cell number increased with a doubling time of 36 h. 
DISCUSSION 
We show here that peptides containing the sequence Arg-Gly- 
Asp, the minimum sequence recognized by cells in fibronectin 
(23, 24), can cause detachment of cultured cells. The detach- 
ing effect of the Arg-Gly-Asp peptides is specific and not due 
to toxicity. The specificity was demonstrated by the fact that 
control peptides synthesized by the same procedures but that 
lacked the Arg-Gly-Asp sequence had no observable effect on 
cells. Lack of toxicity was evidenced by the observation that 
no cell death was detected in the cultures detached with the 
active peptides by the trypan blue exclusion test, and that the 
detached cells reattached and grew after removal of the pep- 
tide. 
Sensitivity toward the  fibronectin peptides appears to be 
widespread among different types of ceils and it is manifested 
under  a  variety  of culture  conditions.  The  peptides  were 
effective on human, rat, bovine, and mouse cells representing 
fibroblastic, endothelial, and epithelial cell types both in pri- 
mary  culture  and  as  established  cell  lines.  Moreover,  the 
peptides  were  effective in  detaching  ceils that  organize  an 
elaborate extracellular matrix, e.g., the NRK cells, as well as 
on  cells that  lack such  a  matrix,  e.g.,  TRK cells (12).  We 
observed the effect whether or not the cells were plated in the 
presence of serum. Although our observations have all been 
made using cells  cultured  in  vitro, the  diversity of the  cell 
types and culture conditions in which the Arg-Gly-Asp pep- 
tides detach cells suggests that this mechanism is intrinsic to 
the  cells and therefore probably significant also in  vivo. In 
fact,  Boucaut  et  al.  (4)  recently  reported  that  a  synthetic 
peptide  that  contains  an  Arg-Gly-Asp sequence  prevented 
gastrulation when injected into amphibian embryos. 
Since the detached cells assembled into  aggregates,  it ap- 
pears that the fibronectin peptides interfered primarily with 
cell-substratum adhesion but not with cell-cell  adhesion, in- 
dicating that their cell-cell  interaction mechanisms remained 
unaffected by the peptides. This agrees with previous obser- 
vations that  assign cell-cell  adhesion  to  molecules different 
from those known to be involved in cell-substratum interac- 
tion (7,  18). 
It is not clear at this time which molecules mediate the cell- 
substratum interactions perturbed by the  Arg-Gly-Asp pep- 
tides.  Fibronectin  is  probably involved,  since  the  peptides 
inhibit and reverse cell attachment to it and since it is abun- 
dant in the extracellular matrix of most cultured cells.  Our 
results show that the attachment of cells to vitronectin is also FIGURE  7  Presence of fibronectin and collagen in IMR-90 extracellular matrix. Immunofluorescent staining of a subconfluent 24- 
h  IMR-90 cell culture for collagen type I (a) and a double staining of a similar culture for type Vl collagen (b) and fibronectin (c). 
The type Vl  collagen fluorescence was detected with  fluorescein-conjugated anti-rabbit IgG and fibronectin  with  rhodamine- 
conjugated anti-mouse IgG. (d) Phase-contrast photograph of the same cells as in b and c. x  320. 
prevented and reversed by the Arg-Gly-Asp-containing pep- 
tides. Since there are substantial quantities of vitronectin in 
serum and, judging from immunofluorescence with monoclo- 
nal antibodies, it also occurs at cell surfaces (13),  vitronectin 
probably mediates at least some of  the cell-substrate adhesions 
affected by the  peptides.  Whether  vitronectin also  has  the 
Arg-Gly-Asp recognition sequence in its cell attachment site 
remains to be determined. 
Collagens are rich in Arg-Gly-Asp sequences, but the sig- 
nificance of these sequences to the cell attachment properties 
of collagen is not known (23).  The Arg-Gly-Asp peptides did 
not inhibit the attachment of cells to collagen, suggesting that 
in collagen the Arg-Gly-Asp sequences may not be the main 
recognition sites for cells. The lack of inhibition could also be 
interpreted as a failure to achieve a high enough concentration 
of the peptide at the multiple Arg-Gly-Asp sites that occur in 
collagen (24).  However, since the various cultured cells were 
readily  detached  from their  matrices by the  Arg-Gly-Asp- 
containing peptides, our results suggest that collagens, which 
our immunological data show to be present in the matrices 
of the cells studied, do not participate significantly in the cell- 
substratum interactions. Attachment mechanisms other than 
those dependent on the Arg-Gly-Asp sequence may operate 
transiently but become less important as cells become estab- 
lished on a matrix. Peptides that duplicate some of the most 
common sequences in collagen such as (Gly-Pro-Pro)n have 
been found to promote the attachment of hepatocytes, albeit 
only weakly (26). 
Since the Arg-Gly-Asp peptides mimic the cell attachment 
site in fibronectin (and apparently also in vitronectin), it seems 
likely that  they detach the  cultured  cells  by competing for 
attachment receptors at the cell surface. A cell surface receptor 
that recognizes the Arg-Gly-Asp sequence was recently iden- 
tified in MG-63 human osteosarcoma cells and in the NRK 
cells (25).  The possibility remains, however, that the interac- 
tion of the peptides with such a receptor could cause detach- 
ment  of the  cells  by  a  mechanism  that  does  not  involve 
competition with substratum-bound molecules. The synthesis 
of proteases (l) or reorganization of the cytoskeleton (15) are 
examples  of such  possible  mechanisms.  However,  if such 
HAYMAN ET AL.  Peptides in Cell Detachment  1 953 FIGURE 8 Development of susceptibility to peptide detachment
in cells cultured on collagens . NRK and TRK cells were cultured in
serum-free medium for 12 or 36 h in 96-well plates coated with
collagen type I (10 tug/ml) . The culture medium was then removed
and replaced with fresh serum-free medium with (+) or without (-)
1 mg/ml GRGDSP peptide . After incubation for 3 h at 37°C the








Effect of the GRGDSP peptide on growth of NRK cells .
NRK cells were plated into 60-mm dishes (0.7 x 10 5 cells/dish) . On
day two (solid arrow) medium was replaced with media containing
the GRGDSP peptide (A) or a control peptide (Asp-Arg-Glu-Asp-
Ser-Arg-Cys, A) at 1 mg/ml . On day four (open arrow), media were
removed from some cultures in the former group and replaced with
normal medium (E) . The cell numbers were determined in triplicate
cultures .
mechanisms were involved, they would have to be specifically
triggered by the cell attachment receptors, because only the
Arg-Gly-Asp peptides have the detachment-promoting effect .
NRK cells completely detached from the substratum with
the Arg-Gly-Asp peptides were arrested in their growth. This
is in agreement with the well known fact that cells denied
substratum anchorage are not able to grow (2, 11) . It is
interesting that some cells (e.g., IMR-90, Fig, 4) were more
susceptible to the detaching effects of the Arg-Gly-Asp pep-
tides than others (e.g ., FL cells), suggesting that the synthetic
peptides might allow manipulation of cell attachment and
growth with some degree ofselectivity . It will also be interest-
ing to see whether peptides capable of detaching cells via the
same mechanism might occur physiologically . Such peptides
could play a role in loosening cells from the substratum during
cell division and migration .
Finally, there may be practical applications for the obser-
vations described in this paper, because the Arg-Gly-Asp
peptides appear to provide a gentle method for the detach-
ment of cells from culture plates for subculturing and exper-
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imentation. That it might be possible to use this method to
detach cells from tissues is an even more promising possibility
because the standard protease treatments often are not gentle
enough for this purpose .
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